Background and the purpose of the study: Solubility of pharmaceuticals is still a challenging subject and solubilization using cosolvents is the most common technique used in the pharmaceutical industry. The purpose of this study was reporting and modeling the experimental molar solubility of pioglitazone hydrochloride (PGZ-HCl) in binary and ternary mixtures of ethanol (EtOH), N-methyl pyrrolidone (NMP), polyethylene glycols (PEGs) 200, 400, 600 and water along with the density of saturated solutions at 298.2 °K. Methods: To provide a computational method, the Jouyban-Acree model was fitted to the solubilities of the binary solvents, and solubilities of the ternary solvents were back-calculated by employing the solubility data in mono-solvents. In the next step, the ternary interaction terms were added to the model and the prediction overall mean percentage deviation (MPD) of the ternary data was reduced. Also a previously proposed version of the model was used to predict the solubility of PGZ-HCl in binary and ternary mixtures employing the experimental solubility data in mono-solvents. Results: The overall MPD of the model for fitting the binary data and predicted data of ternary solvents were 2.0 % and 50.5 %, respectively. The overall MPD of the predicted solubilities in ternary solvents using the ternary interaction terms in the model was 34.2 %, and by using the proposed version of the Jouyban-Acree model for binary and ternary data the overall correlation and prediction errors were 18.0 and 15.0 %, respectively. Conclusion: The solubility of PGZ-HCl was increased by addition of EtOH, NMP, PEGs 200, 400 and 600 to aqueous solutions. The reported data extended the available solubility data of pharmaceuticals which are crucial in formulation of liquid dosage forms. The constants of the Jouyban-Acree model using the generated data are also reported which provides the possibility of solubility prediction in other solvent mixtures and temperatures.
INTRODUCTION
Pioglitazone (PGZ) is a non-polar drug and cannot effectively break down the lattice structure of water and hence its aqueous solubility is low. Different techniques are used to enhance the aqueous solubility of drugs including salt formation (1), cocrystal formation (2) , addition of cosolvents (3), hydrotropes (4), surface active agents (5) and ionic liquids (6) . PGZ hydrochloride (PGZ-HCl) is used in pharmaceutical formulations, however the aqueous solubility of PGZ-HCl is still low and reports of a number of investigations deal with solubilization of PGZ or PGZ-HCl (7, 8) . In continuation of our systematic studies on the solubility of drugs, in this study the solubility of PGZ-HCl in non-aqueous binary mixtures of ethanol (EtOH), N-methyl pyrrolidone (NMP) and polyethylene glycols (PEGs) 200, 400 and 600 and their aqueous ternary mixtures at 298.2°K were investigated. The generated data could be used to develop more accurate cosolvency models. The solubility of PGZ-HCl in the mixed solvents was calculated using numerical methods and the accuracy of different methods are discussed by comparing the percentage deviations between calculated and experimental solubilities. double distilled water was used for preparation of the solutions. Solubility of PGZ-HCl in the solvent mixtures was determined using Shake-flask method of Higuchi and Connors (9) . The generated solubility data was modeled using the Jouyban-Acree model. The model for calculation of the solubilities of drugs in binary solvent mixtures at different temperatures is ( 
The mean percentage deviation (MPD) was used to check the accuracy of the fitted and predicted values and was calculated using:
where N is the number of data points in each set. Table 1 lists the experimental solubilities of PGZHCl in the investigated non-aqueous binary mixtures along with the density of saturated solutions at 298.20 °K. When these binary data sets were fitted to equation I, the model constants (i.e. J 1 , J 0 , and J 2 ) could be computed along with the MPD of the back-calculated solubilities. These findings for three investigated data sets in this work and the similar results collected from previous works are reported in table 2. The model provides a very good mathematical description of the experimental solubility data and the overall MPD for all reported data in the present and previous studies is 5.1 %. The corresponding value for three binary sets of this work is 2.0 %. 
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